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Objectives: Pneumocystis pneumonia (PCP) is a life-threatening opportunistic infection. Sulfamethoxazole-
trimethoprim (SMX/TMP) is the first-line drug for PCP prophylaxis. However, adverse events (AEs) force 
clinicians to alter or reduce the drug dosage. 
Methods: We retrospectively reviewed all patients with rheumatic diseases who received SMX/TMP for 
prophylaxis and glucocorticoid therapy between April 2004 and March 2018. The rates of AEs, SMX/TMP 
discontinuation, and incidence of PCP were analyzed. Patients were divided into the conventional group and the 
dose-reduction group. 
Results: One hundred forty-five patients and 75 patients were included in the conventional group and the dose-
reduction group, respectively. Compared to the dose-reduction group, the conventional group had a significantly 
high frequency of AEs (10.7% vs. 24.1%; P=0.017); however, the rate of discontinuing SMX/TMP was not 
significantly different (8.0% vs. 14.5%; P=0.165). Thirteen conventional group patients required a reduced 
SMX/TMP dose because of AEs; no patient developed PCP. The conventional SMX/TMP dose and renal 
dysfunction were associated with AEs in multivariate analysis. 
Conclusions: Patients who received a reduced SMX/TMP dose did not have PCP and had a lower frequency of 




Pneumocystis pneumonia (PCP) is a potentially life-threatening opportunistic infection caused by Pneumocystis 
jirovecii in compromised patients such as individuals with human immunodeficiency virus (HIV) infection and 
patients under immunosuppressive therapy [1-3]. An infectious disease is an important prognostic factor in 
rheumatic disease. Pneumocystis pneumonia occurs in HIV-positive patients, and it is one of the most common 
opportunistic infections in the absence of prophylaxis [4]. Its incidence is 5%–15% in patients with solid organ 
transplantation [5] and 2%–4% in patients with rheumatic diseases [6,7]. The mortality rate of PCP associated 
with rheumatic disease is higher than the rate associated with HIV-positive patients [7-10]; therefore, preventing 
PCP in patients with rheumatic disease is important. 
The first-line prophylactic agent against PCP is the oral administration of low-dose sulfamethoxazole-
trimethoprim (SMX/TMP) [11,12]. The prevention rate in HIV-positive patients is 89%–100% [13-15]. In 
patients with rheumatic disease, the SMX/TMP prophylactic method has high efficacy, and the prevention rate is 
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85%–100% when the treatment is adequately adhered to and tolerated [11,16,17]. Despite the high efficacy of 
SMX/TMP, the administration of SMX/TMP to patients with rheumatic diseases often induces adverse events 
(AEs) such as rash, electrolyte abnormalities, renal dysfunction, and elevated liver enzymes. Clinicians often 
have to discontinue or reduce the dose of SMX/TMP because of AEs. Patients who discontinue SMX/TMP are 
administered alternate second-line prophylactic agents such as inhaled pentamidine isethionate and atovaquone 
[18]. Atovaquone is less effective than SMX/TMP in patients with acquired immunodeficiency syndrome [19], 
and it is more expensive than SMX/TMP. The prophylactic effect of inhaled pentamidine isethionate is inferior 
to that of SMX/TMP [20]. Therefore, increasing the retention rate of SMX/TMP for preventing PCP is important. 
Takenaka et al. [21] conducted a retrospective study to compare the conventional regimen and the dose 
escalation regimen. The dose escalation regimen is initiated with a 10% dose of one single-strength tablet; the 
dose is increased by 10% per week. No significant difference exists in the prophylactic effect of PCP; however, 
the SMX/TMP retention rate is higher with the dose escalation regimen than with the conventional regimen. 
Utsunomiya et al. [22] conducted a trial and compared the single-strength group (SMX/TMP at 400/80 mg 
daily), the half-strength group, and the escalation group. They reported that no significant differences existed in 
the prophylactic effect among the three groups and that the safety of treatment in the half-strength group and 
escalation group was superior to that of the single-strength group. These results indicate that a lower dose of 
SMX/TMP is a better regimen for the prophylaxis of PCP in patients with rheumatic diseases. However, these 
previous studies excluded patients with organ insufficiency such as deteriorated renal function. In addition, some 
studies used a small number of participants. The patients with rheumatic diseases often have organ insufficiency 
in the real world. The suitable regimen of SMX/TMP for the prophylaxis of PCP in the real world remains 
unclear. In the present study, we aimed to evaluate reduced-dose SMX/TMP for the prophylaxis of PCP in 
patients with rheumatic diseases in the real world. 
 
Materials and methods 
Patients 
We conducted a retrospective review of the medical records of all patients who were admitted to our hospital 
during a 15-year period from April 1, 2004 to March 31, 2018 for the treatment of new-onset or relapsed rheumatic 
diseases, and were administered corticosteroids with or without immunosuppressive drugs, as well as SMX/TMP 
for the prophylaxis of PCP. Because short term administration of SMX/TMP cannot adequately assess the safety 
and efficacy of one, we excluded from this study patients who had complete SMX/TMP prophylaxis within 180 
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days because of tapering prednisolone (PSL) to a low dose or until the discontinuation of immunosuppressive 
therapy, and patients who could not be tracked because they changed hospitals. Patients who had a history of 
SMX/TMP use were also excluded by being unlikely to occur adverse events. 
The prophylactic regimen was as follows. In the conventional group, patients were treated with 
SMX/TMP at the dose of a single-strength tablet (400 mg/80 mg) daily or a double-strength tablet three times 
weekly. In the dose-reduction group, patients were treated with SMX/TMP at the dose of a single tablet three times 
weekly or on alternate days. Another prophylactic regimen, such as a double tablet daily, was excluded. The choice 
of prophylactic regimen was determined by each clinician, based on the patients’ characteristics such as their 
disease, sex, age, and renal and liver function. If AEs occurred, the clinician decided whether to discontinue or 
reduce the dose of SMX/TMP. 
This observational study was conducted in accordance with the ethical standards of the Declaration of 
Helsinki and approved by the ethical review board of the Tottori University Hospital (Tottori, Japan; registration 
number, 18A176). The board waived the requirement for patients’ informed consent by showing the information 
on the homepage of the institute and because of the anonymous nature of the data. 
 
Clinical evaluation and outcome 
The primary outcome was the retention rates of SMX/TMP and the percentage of patients who continued 
SMX/TMP treatment for 180 days. The secondary objectives were to compare the incidence rates of AEs of 
SMX/TMP between the conventional group and the dose-reduction group, the type of AEs, the rate of dose 
reduction of SMX/TMP due to AEs, and the incidence rates of PCP at 180 days and during long-term observation 
(until October 2018). We retrospectively analyzed the factors that contributed to the onset of AEs. 
 
Statistical analysis 
Descriptive statistics included the median (range) as appropriate for continuous variables and the frequency 
(percentage) for categorical variables. Parameters were analyzed by using Fisher’s exact test for the comparison 
of categorical variables. To compare continuous variables between the two prophylaxis groups, the Mann-Whitney 
U test was used for parameters with a non-normal distribution. Multivariate analysis was performed by using 
multiple logistic regression analysis. Forced entry method was used for variable selection. All P values were two-
tailed. A value of P<0.05 was statistically significant. SPSS software version 24 (SPSS Japan, Tokyo, Japan) was 




Clinical and laboratory characteristics of patients with rheumatic diseases 
One patient was excluded by using the regimen of double-strength tablet daily. Two hundred twenty patients met 
the entry criteria for the study. A comparison of the patients’ characteristics and clinical data between two groups 
at baseline are presented in Table 1. One hundred forty-five patients were included in the conventional group and 
75 patients were included in the dose-reduction group. The baseline serum creatinine levels were significantly 
lower in the conventional group than in the dose-reduction group, and the estimated glomerular filtration rate 
(eGFR) levels were significantly higher in the conventional group (P<0.05, for both comparisons). We defined 
renal dysfunction as an eGFR lower than 60 mL/min/1.73 m2. Renal dysfunction was more frequent in the dose-
reduction group than in the conventional group (28% vs. 9%, P<0.001). The frequency of diabetes mellitus was 
significantly lower in the conventional group than in the dose-reduction group (P=0.012). The frequency of 
Polymyositis/Dermatomyositis was significantly higher in the conventional group, and that of vasculitis 
syndrome was significantly lower in the conventional group (P<0.001 and P=0.004). No significant differences 
existed between the conventional group and the dose-reduction group for age, sex, body mass index, 
prednisolone dose, usage rate of immunosuppressant and pulse methylprednisolone, frequency of interstitial lung 
disease, systemic lupus erythematosus, adult onset still’s disease, rheumatoid arthritis and other diseases, history 
of malignancy, white blood cell count, lymphocyte count, and immunoglobulin G level. 
 
Discontinuation rate and adverse event rate of SMX/TMP 
Figure 1(a) presents the cumulative discontinuation rate of SMX/TMP due to AEs, using Kaplan-Meier curves. 
Twenty-one (14.5%) patients in the conventional group and 6 (8.0%) patients in the dose-reduction group 
discontinued SMX/TMP. The cumulative discontinuation rate in the dose-reduction group was lower than that of 
the conventional group. However, the difference was not statistically significant. 
Figure 1(b) shows the cumulative AEs rate of SMX/TMP. Thirty-five (24.1%) patients in the 
conventional group and 8 (10.7%) patients in the dose-reduction group experienced AEs. A statistically 




Forty-three AEs were documented among all patients. A comparison of the patients’ characteristics with and 
without AEs is presented in Table 2. Patients with AEs were significantly older, had a lower renal function, and 
had a greater frequency of diabetes mellitus. Multivariate analysis of age, diabetes mellitus, eGFR, and 
prophylactic regimen demonstrated that low renal function (odds ratio, 0.986; 95% confidence interval, 1.002-
1.026; P=0.025), conventional regimen (odds ratio, 4.367; 95% confidence interval, 0.090-0.581; P=0.002) were 
significant risk factors for AEs (Table 3). These results suggested that the conventional regimen independently 
influences the occurrence of AEs. 
The AEs that occurred with SMX/TMP are summarized in Table 4. The AEs of interest—
myelosuppression and liver dysfunction—occurred only in the conventional group. A dose reduction in 
SMX/TMP was required in the conventional group because of the following AEs: 10 events of electrolyte 
abnormalities, three events of myelosuppression, and three events of renal dysfunction. Discontinuation of 
SMX/TMP was required in the conventional group for the following AEs: one event of electrolyte abnormality, 
10 events of drug eruption, six events of myelosuppression, two events of renal dysfunction, five events of liver 
dysfunction, and one event of fever. These results suggested that the conventional prophylactic regimen results in 
more AEs; however, some patients were able to continue SMX/TMP by decreasing the dose. 
 
Incidence of Pneumocystis pneumonia 
At 180 days, no patient in either group had developed PCP. We also investigated the incidence of PCP beyond 
the 180 days, until October 2018 (the observation period, expressed as the median [quartile], was 2728 [734–
2791] days); in this period, two patients developed PCP. One patient developed PCP after the discontinuation of 
SMX/TMP because of a reduction in corticosteroid therapy. One patient, who was intolerant to SMT/TMP, 
developed PCP after changing to inhaled pentamidine isethionate. 
 
Discussion 
In this retrospective single-center analysis, the major findings were (1) reducing the dose of SMX/TMP reduced 
the rate of adverse events, whereas discontinuing SMX/TMP did not reduce this rate and (2) no patient in the 
conventional group or dose-reduction group developed PCP during the continuation of SMX/TMP in the long-
term observation period. 
The incidence of AEs with SMX/TMP was lower in the dose-reduction group than in the conventional 
group, although the discontinuation rate of SMX/TMP was not statistically significantly different between the two 
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groups in the present study. Several reports have shown risk factors for AEs with SMX/TMP use. Kitazawa et al. 
[18] reported that renal dysfunction and a low level of platelets were risk factors for AEs with SMX/TMP use in 
patients with rheumatic diseases. Utsunomiya et al. [22] reported that AEs were more frequent with the single-
strength SMX/TMP dose. However, in their study, 40% of patients in the conventional group who experienced 
AEs did not discontinue SMX/TMP and decreased the dose of SMX/TMP, and 75% of patients in the dose-
reduction group discontinued SMX/TMP. 
AEs of SMX/TMP are classified dose-dependent AEs or dose-independent, allergic AEs. Electrolyte 
abnormality, bone marrow suppression, and elevation of serum creatinine are considered as dose-dependent AEs. 
Drug eruption, liver dysfunction, and fever are considered as allergic AEs [23]. In this study, the frequency of 
allergic AEs in conventional group tended to be lower than that in dose-reduction group. We presumed that these 
differences were linked to high discontinuation rate of SMX/TMP in dose-reduction group.  
In this study, the discontinuation rate of SMX/TMP was 14.5% in the conventional group and 8.0% in the 
dose-reduction group. The incidence of AEs due to SMX/TMP was 24.1% in the conventional group and 10.7% 
in the dose-reduction group. In patients with solid organ transplantation, the incidence of AEs due to SMX/TMP 
is 40%–47% [24,25]. In patients with rheumatic disease, the incidence of AEs due to SMX/TMP is 12.2%–22.2% 
[17,26]. The discontinuation rate of SMX/TMP is reportedly 6.1%–43% [11,18]. The discontinuation rate and 
incidence of AEs in this study were similar to those in previous research. 
The clinical characteristics of the dose-reduction group were a higher frequency of diabetes mellitus and 
a lower level of eGFR. Renal dysfunction has been reported as a risk factor for AEs with SMX/TMP use [18]. In 
this study, the frequency of renal dysfunction was greater in the dose-reduction group than in the conventional 
group. These data indicated that the dose-reduction group had more risk factors for AEs than did the conventional 
group, and that AEs were less frequent with a reduced dose of SMX/TMP for prophylaxis, even in groups with 
greater risk factors. 
No cases of PCP had occurred in either group in this study by week 24. This finding was similar in long-
term observation (i.e., until October 2018). Two patients developed PCP during long-term observation; however, 
these patients had discontinued SMX/TMP. One patient discontinued prophylaxis because of a reduced dose of 
corticosteroids, and one patient changed the prophylactic agent to inhaled pentamidine isethionate because of an 
intolerance to SMT/TMP. These results demonstrated that the prophylactic effect of inhaled pentamidine 
isethionate may be inferior to that of SMX/TMP. In the conventional group, the patients who reduced the dose of 
SMX/TMP continued chemoprophylaxis thereafter. Prasad et al. [24] reported that kidney transplantation 
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recipients who needed to reduce the dose of SMX/TMP to three times weekly at single strength because of AEs 
did not affect incidence of PCP during first transplantation year. These data indicated that the dose-reduction 
regimen is effective, even during long-term therapy. 
This study has some limitations. First, our study was a retrospective study and was conducted in a single 
center. Thus, selection bias may exist. Second, there were small number of patients in this study. That might limit 
the evaluation of efficacy. Third, the decision of treatment group was determined by each physician. The 
characteristics of the dose-reduction group were a high frequency of diabetes mellitus and patients with a low 
eGFR. These background characteristics may have influenced the decision of treatment regimen. Fourth, the 
decision of dose reduction or discontinuation of SMX/TMP was determined by each physician. For some patients, 
SMX/TMP was reduced or discontinued, even for patients with mild AEs. This factor may have influenced the 
discontinuation rate. Regardless of these limitations, this study had the strength compared to previous similar study. 
The main point was to include patients who had organ insufficiency, such as renal dysfunction. Rheumatic diseases 
are often complicated with renal dysfunction, and 15.5% of patients complicated with renal dysfunction in this 
study. Therefore, present study is reflected the safety and efficacy of reduced-dose SMX/TMP in real world. 
In conclusion, even in patients who have renal dysfunction, the dose-reduction regimen of SMX/TMP 
may be safer and more efficacious for the prophylaxis of PCP than the conventional SMX/TMP regimen. No cases 
of PCP occurred, even in the dose-reduction group, during long-term observation. These data indicated that a single 
tablet of SMX/TMP administered three times weekly or on alternate days is an adequate regimen for the 
chemoprophylaxis of PCP in patients with rheumatic diseases in the real world. 
 
Acknowledgements: No funding was received for this study. 
Conflict of interest: None. 
 
References 
1. Thomas CF, Jr., Limper AH. Pneumocystis pneumonia. N Engl J Med 2004;350(24):2487-98. 
2. Thomas CF, Jr., Limper AH. Current insights into the biology and pathogenesis of Pneumocystis pneumonia. 
Nat Rev Microbiol 2007;5(4):298-308. 
3. Li J, Huang XM, Fang WG, Zeng XJ. Pneumocystis carinii pneumonia in patients with connective tissue 
disease. J Clin Rheumatol 2006;12(3):114-7. 
4. Phair J, Muñoz A, Detels R, Kaslow R, Rinaldo C, Saah A. The risk of Pneumocystis carinii pneumonia 
9 
among men infected with human immunodeficiency virus type 1. Multicenter AIDS Cohort Study Group. N 
Engl J Med 1990;322(3):161-5. 
5. Goto N, Oka S. Pneumocystis jirovecii pneumonia in kidney transplantation. Transpl Infect Dis 
2011;13(6):551-8. 
6. Liam CK, Wang F. Pneumocystis carinii pneumonia in patients with systemic lupus erythematosus. Lupus 
1992;1(6):379-85. 
7. Ward MM, Donald F. Pneumocystis carinii pneumonia in patients with connective tissue diseases: the role of 
hospital experience in diagnosis and mortality. Arthritis Rheum 1999;42(4):780-9. 
8. Lertnawapan R, Totemchokchyakarn K, Nantiruj K, Janwityanujit S. Risk factors of Pneumocystis jeroveci 
pneumonia in patients with systemic lupus erythematosus. Rheumatol Int 2009;29(5):491-6. 
9. Kermani TA, Ytterberg SR, Warrington KJ. Pneumocystis jiroveci pneumonia in giant cell arteritis: A case 
series. Arthritis Care Res (Hoboken) 2011;63(5):761-5. 
10. Roux A, Gonzalez F, Roux M, Mehrad M, Menotti J, Zahar JR et al. Update on pulmonary Pneumocystis 
jirovecii infection in non-HIV patients. Med Mal Infect 2014;44(5):185-98. 
11. Ogawa J, Harigai M, Nagasaka K, Nakamura T, Miyasaka N. Prediction of and prophylaxis against 
Pneumocystis pneumonia in patients with connective tissue diseases undergoing medium- or high-dose 
corticosteroid therapy. Mod Rheumatol 2005;15(2):91-6. 
12. Vananuvat P, Suwannalai P, Sungkanuparph S, Limsuwan T, Ngamjanyaporn P, Janwityanujit S. Primary 
prophylaxis for Pneumocystis jirovecii pneumonia in patients with connective tissue diseases. Semin Arthritis 
Rheum 2011;41(3):497-502. 
13. Fischl MA, Dickinson GM, La Voie L. Safety and efficacy of sulfamethoxazole and trimethoprim 
chemoprophylaxis for Pneumocystis carinii pneumonia in AIDS. JAMA 1988;259(8):1185-9. 
14. Hardy WD, Feinberg J, Finkelstein DM, Power ME, He W, Kaczka C et al. A controlled trial of trimethoprim-
sulfamethoxazole or aerosolized pentamidine for secondary prophylaxis of Pneumocystis carinii pneumonia 
in patients with the acquired immunodeficiency syndrome. AIDS Clinical Trials Group Protocol 021. N Engl 
J Med 1992;327(26):1842-8. 
15. Schneider MM, Nielsen TL, Nelsing S, Hoepelman AI, Eeftinck Schattenkerk JK, van der Graaf Y et al. 
Efficacy and toxicity of two doses of trimethoprim-sulfamethoxazole as primary prophylaxis against 
Pneumocystis carinii pneumonia in patients with human immunodeficiency virus. Dutch AIDS Treatment 
Group. J Infect Dis 1995;171(6):1632-6. 
10 
16. Stern A, Green H, Paul M, Vidal L, Leibovici L. Prophylaxis for Pneumocystis pneumonia (PCP) in non-
HIV immunocompromised patients. The Cochrane database of systematic reviews 2014(10):Cd005590. 
17. Park JW, Curtis JR, Moon J, Song YW, Kim S, Lee EB. Prophylactic effect of trimethoprim-sulfamethoxazole 
for pneumocystis pneumonia in patients with rheumatic diseases exposed to prolonged high-dose 
glucocorticoids. Ann Rheum Dis 2018;77(5):644-9. 
18. Kitazawa T, Seo K, Yoshino Y, Asako K, Kikuchi H, Kono H et al. Efficacies of atovaquone, pentamidine, 
and trimethoprim/sulfamethoxazole for the prevention of Pneumocystis jirovecii pneumonia in patients with 
connective tissue diseases. Journal of infection and chemotherapy : official journal of the Japan Society of 
Chemotherapy 2019;25(5):351-4. 
19. Hughes W, Leoung G, Kramer F, Bozzette SA, Safrin S, Frame P et al. Comparison of atovaquone (566C80) 
with trimethoprim-sulfamethoxazole to treat Pneumocystis carinii pneumonia in patients with AIDS. N Engl 
J Med 1993;328(21):1521-7. 
20. Warnock AC, Rimland D. Comparison of trimethoprim-sulfamethoxazole, dapsone, and pentamidine in the 
prophylaxis of Pneumocystis carinii pneumonia. Pharmacotherapy 1996;16(6):1030-8. 
21. Takenaka K, Komiya Y, Ota M, Yamazaki H, Nagasaka K. A dose-escalation regimen of trimethoprim-
sulfamethoxazole is tolerable for prophylaxis against Pneumocystis jiroveci pneumonia in rheumatic diseases. 
Mod Rheumatol 2013;23(4):752-8. 
22. Utsunomiya M, Dobashi H, Odani T, Saito K, Yokogawa N, Nagasaka K et al. Optimal regimens of 
sulfamethoxazole-trimethoprim for chemoprophylaxis of Pneumocystis pneumonia in patients with systemic 
rheumatic diseases: results from a non-blinded, randomized controlled trial. Arthritis Res Ther 2017;19(1):7. 
23. Hughes WT, LaFon SW, Scott JD, Masur H. Adverse events associated with trimethoprim-sulfamethoxazole 
and atovaquone during the treatment of AIDS-related Pneumocystis carinii pneumonia. J Infect Dis 
1995;171(5):1295-301. 
24. Prasad GVR, Beckley J, Mathur M, Gunasekaran M, Nash MM, Rapi L et al. Safety and efficacy of 
prophylaxis for Pneumocystis jirovecii pneumonia involving trimethoprim-sulfamethoxazole dose reduction 
in kidney transplantation. BMC Infect Dis 2019;19(1):311. 
25. Mitsides N, Greenan K, Green D, Middleton R, Lamerton E, Allen J et al. Complications and outcomes of 
trimethoprim-sulphamethoxazole as chemoprophylaxis for pneumocystis pneumonia in renal transplant 
recipients. Nephrology (Carlton, Vic) 2014;19(3):157-63. 
26. Park JW, Curtis JR, Kim MJ, Lee H, Song YW, Lee EB. Pneumocystis pneumonia in patients with rheumatic 
11 
diseases receiving prolonged, non-high-dose steroids-clinical implication of primary prophylaxis using 





(a) Discontinuation rate of treatment due to adverse events. (b) Rate of treatment-related adverse events. 
Cumulative discontinuation rate or rate of treatment-related adverse events were compared using log-rank test 
between the groups. 
 
Table 1 
Baseline clinical and laboratory characteristics of patients in the conventional group and in the dose-reduction 
group 
 
Renal dysfunction is defined as <60 mL/min/1.73 m2. Data are presented as the median (range) or as the number 
(%). The P values were determined by using Fisher’s exact test for categorical variables and the Mann–Whitney 
U-test for continuous variables. 
SLE, systemic lupus erythematosus; PM, polymyositis; DM, dermatomyositis; AOSD, adult onset still’s disease; 
RA, rheumatoid arthritis; ILD, interstitial lung disease; IVCY, intravenous cyclophosphamide; CNI, calcineurin 
inhibitor; TAC, tacrolimus; CyA, cyclosporin A; DMARDs, disease modifying anti-rheumatic drugs; PSL, 
prednisolone; WBC, white blood cell; IgG, immunoglobulin G; eGFR, estimated glomerular filtration rate 
 
Table 2 
Baseline clinical and laboratory characteristics of patients with and without adverse events 
 
Renal dysfunction is defined as <60 mL/min/1.73 m2. Data are presented as the median (range) or as the number 
(%). The P values were determined by using Fisher’s exact test for categorical variables and the Mann–Whitney 
U-test for continuous variables. 
SLE, systemic lupus erythematosus; PM, polymyositis; DM, dermatomyositis; AOSD, adult onset still’s disease; 
RA, rheumatoid arthritis; ILD, interstitial lung disease; IVCY, intravenous cyclophosphamide; CNI, calcineurin 
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inhibitor; TAC, tacrolimus; CyA, cyclosporin A; DMARDs, disease modifying anti-rheumatic drugs; PSL, 
prednisolone; WBC, white blood cell; IgG, immunoglobulin G; eGFR, estimated glomerular filtration rate 
 
Table 3 
Predictors for adverse events, based on multivariate logistic regression analysis 
 
CI, confidence interval; eGFR, estimated glomerular filtration rate 
 
Table 4 
Comparison of adverse events between the conventional group and the dose-reduction group 
 
Data are presented as the number (%). There is some overlapping in the contents of adverse events. The P values 
were determined by using Fisher’s exact test for categorical variables and the Mann–Whitney U-test for continuous 
variables. 
AE, adverse event; BM, bone marrow 
 

Conventional group (n=145) Dose-reduction group (n=75) P value
Age, y 58 (16–85) 64 (16–87) 0.167
Female 95 (65.5%) 49 (63.3%) 0.547
Body mass index 21.0 (15.1–34.2) 21.3 (14.9–33.8) 0.928
Diseases
SLE 32 (22.0%) 23 (30.7%) 0.110
PM/DM 42 (29.0%) 7 (9.3%) <0.001
Vasculitis syndrome 32 (22.1%) 30 (40.0%) 0.004
AOSD 14 (9.7%) 5 (6.7%) 0.317
RA 9 (6.2%) 5 (6.7%) 0.552
Others 16 (11.0%) 5 (6.7%) 0.214
Comorbidities 80 (55.2%) 43 (57.3%) 0.436
ILD 53 (36.6%) 26 (34.7%) 0.451
Other lung disease 16 (11.0%) 10 (13.3%) 0.383
Diabetes 42 (29.0%) 34 (45.3%) 0.012
Malignancies 10 (7.6%) 1 (1.3%) 0.063
Methylprednisolone pulse 96 (66.2%) 42 (56.0%) 0.091
Immunosuppressive drugs 113 (77.9%) 60 (80.0%) 0.432
IVCY 24 (16.6%) 23 (30.7%) 0.013
IVCY+CNI 13 (9.0%) 5 (6.7%) 0.379
TAC 26 (17.9%) 15 (20.0%) 0.420
CyA 29 (20.0%) 8 (10.7%) 0.056
MTX 9 (6.2%) 2 (2.7%) 0.211
Biologic DMARDs 2 (1.4%) 0 (0.0%) 0.433
Others 10 (6.9%) 7 (9.3%) 0.346
Initial dose of PSL (mg/day) 40 (15–80) 40 (10–60) 0.383
WBC (/μL) 8900 (400–23200) 10700 (1800–23500) 0.164
Lymphocytes (/μL) 1311 (158–6123) 1280 (188–5982) 0.781
IgG (mg/dL) 1500 (107–3697) 1508 (258–3737) 0.897
Creatinine (mg/dL) 0.57 (0.16–2.19) 0.62 (0.18–8.44) 0.016
eGFR (mL/min/1.73 m2) 97.0 (22.2–230.9) 86.1 (5.6–265.1) 0.023
Renal dysfunction 13 (9.0%) 21 (28.0%) <0.001
Table 1 Baseline clinical and laboratory characteristics of patients in the conventional group and in the dose-reduction group
Renal dysfunction is defined as <60 mL/min/1.73 m2. Data are presented as the median (interquartile range) or as the 
number (%). The P values were determined by using Fisher’s exact test for categorical variables and the Mann–Whitney 
U-test for continuous variables.
SLE, systemic lupus erythematosus; PM, polymyositis; DM, dermatomyositis; AOSD, adult onset still’s disease; RA,
rheumatoid arthritis; ILD, interstitial lung disease; IVCY, intravenous cyclophosphamide; CNI, calcineurin inhibitor; TAC,
tacrolimus; CyA, cyclosporin A; DMARDs, disease modifying anti-rheumatic drugs; PSL, prednisolone; WBC, white blood 
cell; IgG, immunoglobulin G; eGFR, estimated glomerular filtration rate
Table 1 (final version)
With adverse event (n=43) Without adverse event (n=177) P value
Age, y 69 (16–86) 58 (16–87) 0.003
Female 30 (69.8%) 114 (64.6%) 0.317
Body mass index 21.1 (16.7–26.9) 21.0 (14.9–34.2) 0.627
Diseases
SLE 12 (27.9%) 43 (24.3%) 0.377
PM/DM 5 (11.6%) 44 (24.9%) 0.043
Vasculitis syndrome 19 (44.2%) 43 (24.3%) 0.009
AOSD 5 (11.6%) 14 (7.9%) 0.303
RA 0 (0.0%) 14 (7.9%) 0.043
Others 2 (4.7%) 19 (10.7%) 0.178
Comorbidities 24 (55.8%) 99 (55.9%) 0.561
ILD 11 (25.6%) 68 (38.4%) 0.079
Other lung disease 4 (9.3%) 22 (12.4%) 0.395
Diabetes 21 (48.8%) 55 (31.1%) 0.023
Malignancies 1 (2.3%) 10 (6.2%) 0.329
Methylprednisolone pulse 27 (62.8%) 111 (62.7%) 0.569
Immunosuppressive drugs 31 (72.1%) 142 (80.2%) 0.168
IVCY 11 (25.6%) 36 (20.3%) 0.287
IVCY+CNI 4 (9.3%) 14 (7.9%) 0.483
TAC 7 (16.3%) 34 (19.2%) 0.422
CyA 6 (14.0%) 31 (17.5%) 0.381
MTX 1 (2.3%) 10 (5.6%) 0.329
Biologic DMARDs 0 (0.0%) 2 (1.1%) 0.647
Others 2 (4.7%) 15 (8.5%) 0.316
Initial dose of PSL (mg/day) 40 (20–60) 40 (10–80) 0.488
WBC (/μL) 9200 (2700–19500) 9400 (400–23500) 0.299
Lymphocytes (/μL) 1206 (158–3220) 1422 (160–6123) 0.405
IgG (mg/dL) 1620 (107–3250) 1443 (258–3737) 0.118
Creatinine (mg/dL) 0.61 (0.16–4.15) 0.59 (0.18–8.44) 0.136
eGFR (mL/min/1.73 m2) 78.1 (8.8–167.2) 96.4 (5.6–265.1) 0.003
Renal dysfunction 11 (25.6%) 23 (13.0%) 0.039
Conventional group 35 (81.4%) 110 (62.1%) 0.011
Table 2 Baseline clinical and laboratory characteristics of patients with and without adverse events 
Renal dysfunction is defined as <60 mL/min/1.73 m2. Data are presented as the median (interquartile range) or as the number 
(%). The P values were determined by using Fisher’s exact test for categorical variables and the Mann–Whitney U-test for 
continuous variables.
SLE, systemic lupus erythematosus; PM, polymyositis; DM, dermatomyositis; AOSD, adult onset still’s disease; RA,
rheumatoid arthritis; ILD, interstitial lung disease; IVCY, intravenous cyclophosphamide; CNI, calcineurin inhibitor; TAC,
tacrolimus; CyA, cyclosporin A; DMARDs, disease modifying anti-rheumatic drugs; PSL, prednisolone; WBC, white blood 
cell; IgG, immunoglobulin G; eGFR, estimated glomerular filtration rate
Table 2 (final version)
Odds ratio 95%CI P value
Conventional group 4.367 0.090-0.581 0.002
eGFR（mL/min/1.73 m2） 0.986 1.002-1.026 0.025
Age 1.016 0.959-1.010 0.233
Diabetes mellitus 1.656 0.274-1.332 0.211
Table 3 Predictors for adverse events, based on multivariate logistic regression analysis
CI, confidence interval; eGFR, estimated glomerular filtration rate
Table 3 (final version)
Conventional group (n=145) Dose-reduction group (n=75) P value
Adverse events 35 (24.1%) 8 (10.7%) 0.011
AE required discontinuation 21 (14.5%) 6 (8.0%) 0.119
Electrolyte abnormality 2 (1.4%) 3 (4.0%) 0.219
Drug eruption 10 (6.9%) 3 (4.0%) 0.295
BM suppression 6 (6.2%) 0 (0.0%) 0.079
Renal dysfunction 2 (1.4%) 1 (1.3%) 0.732
Liver dysfunction 5 (3.4%) 0 (0.0%) 0.121
Fever 1 (0.7%) 1 (1.3%) 0.567
AE required a dose reduction 13 (9.0%) 2 (2.7%) 0.064
Electrolyte abnormality 8 (5.5%) 1 (1.3%) 0.127
BM suppression 3 (2.1%) 0 (0.0%) 0.284
Renal dysfunction 3 (2.1%) 0 (0.0%) 0.284
Headache 0 (0.0%) 1 (1.3%) 0.341
Table 4 Comparison of adverse events between the conventional group and the dose-reduction group
Data are presented as the number (%). There is some overlapping in the contents of adverse events. The P values were 
determined by using Fisher’s exact test for categorical variables and the Mann–Whitney U-test for continuous variables.
AE, adverse event; BM, bone marrow
Table 4 (final version)
